A laboratory aerobic incubation experiment was conducted to assess the influence of plant residue, soil moisture content, and soil types on mineralization of organic N. The experimental design was a 2 x 3 x 5 factorial arrangement in a Randomized Complete Block design (RCBD) with three replications. The three factors were (1) two levels of plant residue (0 and 4 ton/rai of grinded cassava shoot), (2) three levels of soil moisture (PWP, ½ AWCA, and FC), and (3) Five upland soil series of the Western region of Thailand, consisting of three main soil textures (fine, medium, and coarse texture). Nitrogen mineralized from native and added organic matter was examined at specific time intervals for 1 year. The data was fitted to a logistic mathematical model describing the relation between mineral N versus moisture content (θ), level of plant residue (PR), and time (t). The model was verified by predicting the amount of mineral N released under a given condition and the result was compared to the observed value under the same condition. Application of the model for field condition where soil moisture fluctuates was performed by differentiating the original model to obtain the relation between rate of mineral N production versus N (t), which was the implicit function of θ, PR, and t. Stepwise calculation of the cumulative mineral N with time was developed to predict the amount of N mineralized through time. The results revealed that addition of 4 ton/rai plant residue drastically increased mineral N by 3.6 folds. The effect of soil moisture content and mineralization of organic N confirmed the significance of water on microbial activities. A satisfactory result was obtained from the mathematical model verification. The b and R 2 values were close to 1.0 and the t-test were non-significant. A rather high value of Root Mean Squared Error (RMSE) was obtained contributing to the cycles of microbial population fluctuation. Application of the model to the condition of fluctuating soil water content was performed and compared to the observation value at a given level of plant residue application and soil water content.
Introduction
Soil nitrogen (N) availability has significant influences on plant growth, and limits net primary productivity (Cole et al., 2008) . Nitrogen available for crops, however, has to release from soil organic matter via microbial decomposition process, thus the recommendation for nitrogen fertilizer application rate in cropping system used the content of soil organic matter as the criterion for rough estimate. Since the two major factors affecting microbial decomposing process are soil aeration and soil moisture content. Assessment of the effects of both factors on nitrogen mineralization from organic matter is considered to be the major index for nitrogen mineralization model development. The incubation process consists of providing optimum condition for microbial decomposition process to obtain the maximum mineralization rates. Soil conditions were optimized by addition of water, nutrients, limestone and other inputs that enhance the activities of mineralizing organisms.
The soil nitrogen mineralization potential was evaluated as a function of time. minimizing environmental losses. Efforts to develop quick biological or chemical methods for identifying the mineralization potential of organic N have a long history (reviewed by Bremner, 1965; Keeney, 1982; Bundy and Meisinger, 1994; Griffin, 2008) The evaluation of N availability may be achieved by means of short term biological methods using soil sample incubation in laboratory have been done to estimate the potentially mineralizable nitrogen in soil as a basis for making N fertilizers recommendations for crops (Foth & Ellis, 1988) . Using empirical models it is possible to report and predict the relationships among events taking place in nature by fitting mathematical equations to experimental data (Camargo et al., 2002) . To evaluate nitrogen mineralization dynamics in the soil, it is important to know which model best describes how this phenomenon is related to time. N mineralization in soil, according to Stanford and Smith (1972) . The mechanistic models is process-based and generally requires considerable input data. The models normally rely on laboratory incubations to obtain parameters and do not account for basic N turnover processes such as mineralization, immobilization, and nitrification (Benbi and Richter, 2002) .
Understanding of the quantitative relationships between soil moisture content and N mineralization rate in soils with different textures is essential as a basis for controlling the amounts of mineral N released to crops under specific soil moisture content. Therefore, it is very important to investigate the optimum moisture level for different soil textures at which N mineralization will be maximum. Our objectives were to study the effects of soil type, soil moisture, and rate of plant residue application on time course mineralization of organic N. Mathematical model describing the relation between mineral N versus soil moisture, rate of plant residue application and time was expected for each soil. Chance to modify such the model for field condition where a soil moisture content change with time was also investigated.
Materials and Methods

Soil Sample Collection and Preparation
Five composite soil samples of 3 different textural classes were collected from the depth of 0-20 cm from the Western region of Thailand. Yang Talat (Yl) and Korat (Kt) soil series represented the course texture soil, whereas LatYa (Ly) and Kamphaeng Saen (Ks) soil series represented the medium textured soils and Pak Chong soil series (Pc) represented the fine texture soil. Soil properties were shown in Table 1 . 
Plant Material Preparation
Oven dried cassava shoot grinded through 1 mm sieve was used as plant residues (PR) for adding into the soil.
Plant residue was mixed into soil at the rate of 0 and 4 ton/rai (1 = 6.25 ) before incubation. The analysis of plant residues was shown in Table 2. www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 11; 2015 
Experimental Design
The experimental design was a 2 x 3 x 5 factorial arrangement in a Randomized Complete Block design (RCBD) with three replications. The three factors were (1) two levels of plant residue (0 and 4 ton/rai of grinded cassava shoot), (2) three levels of soil moisture (PWP, ½ AWCA, and FC), and (3) Five upland soil series of the Western region of Thailand, consisting of three main soil textures (fine, medium, and coarse texture).
Incubation Procedure and Chemical Analysis
The incubation was carried out in plastic bottles each of 600 ml capacity. The soil sample amounted to 200 g mixed with plant residue at 0 and 4 ton/rai was adjusted to field capacity (FC), ½ available water capacity (½ AWCA), and permanent wilting point (PWP) with deionized water. Five small holes were drilled on a bottle lid to allow free gas exchange to prevent anaerobic condition. The bottles were incubated in laboratory condition under ambient temperature (25-35 o C) for 1 year. Soil moisture in the bottle was kept constant by means of periodic weighing. Deionized water was added to maintain the bottle to its original weight. Extractable mineral N (NH 4 + and NO 3 -) in the soil was determined after the specified incubation period (0, 1, 5, 10, 15, 20, 25, 30, 45, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360 days) .
Mathematical Modeling
Mineral N was calculated from summation of NH 4 + and NO 3 -and plotted against time for each soil. Characteristics of variation suggested that the logistic mathematical model having and initial differential equation as shown in equation (1) might be used to represent such the relation.
Where dN/dt designated the rate of change of mineral N with time, N max was the maximum mineral N at the end of incubation period and r is a constant. Integration of equation (1) 
Where N 0 was the mineral N at time t = 0 Matlab software was then employed to fit equation (2) to the observed data points of mineral N for each soil with time under a given level of soil moisture and plant residue application. The output parameters; N 0 , N max , and r obtained from the software were a set of 6 values according to 3 levels of soil moisture x 2 levels of plant residue application. For N 0 it was considered that it should not affected by levels of soil moisture and depended only on levels of plant residue (PR) so the values were averaged across soil moisture and graphed against plant residue application. The relation assumed straight line function illustrated in equation (3) Where a and b are constants.
N 0 (PR) = a × PR + b (3) By graphical technique N max and r were found to depend on both soil moisture according to second order polynomial functions illustrated in equations (4.1) and (4.2), respectively.
Where c, d, e, and f, g, h were the relevant parameters. After fitting N max and r to variable θ by Matlab software these parameters were graphed against levels of plant residue and straight line functions were constructed according to equations (5.1)-(5.6) obtaining new sets of parameter c1-h2. Vol. 9, No. 11; 2015 = × + (5.5)
All sets of parameter were evaluated and plugged in equations (5.1)-(5.6) and then (4.1) and (4.2) to calculate N max (θ, PR) and r (θ, PR) as fully illustrated in equation (6.1) and (6.2).
N max θ,PR) = c 1 ×PR+c 2 )×θ 2 + d 1 ×PR+d 2 )×θ+ (e 1 ×PR+e 2 ) (6.1) r θ,PR) = f 1 ×PR+f 2 )×θ 2 + g 1 ×PR+g 2 ×θ+(h 1 ×PR+h 2 ) (6.2)
Results obtained from equations (3), (6.1), and (6.2) were substituted in equation (2) to obtain the relation between mineral N (N(θ, PR, t)) and soil moisture (θ), rate of plant residue application (PR), and time (t) according to equation (7).
In equation (7) N θ, PR, t) represented available N (ammonium + nitrate) being mineralized into a given soil having applied with plant residue at the rate equal to PR and keeping water content at a constant value equal to θ evaluated at any time t. In using equation (7) plant residue can be applied at any rate from 0-4 ton/rai provided that soil water content is kept constant at any of the given 3 values; namely, field capacity (FC), ½ available water capacity (½ AWCA), and permanent wilting point (PWP).
Validation Test for the Developed Mathematical Model
Equation (7) was used to predict mineral N at specific time during course of incubation when the soil was applied with plant residue at given rate and by the way soil water content was kept at a given value. The result was then compared to the observed value at the same time. Difference between means of the observed and predicted value was verified by means of t-test and the point-to-point comparison was made by Root Mean Square Error (RMSE) as described in equation (8) (van Donk et al., 2004) .
Where and were the observed and predicted values, respectively, and n was the number of observation.
Graphs were drawn between the observed and predicted values of mineral N, straight line functions were constructed and the accuracy and precision of the prediction were evaluated by the b and the R 2 values of the functions.
Application of the Constructed Mathematical Model
In order to apply equation (7) to field condition where soil moisture changes with time the easiest way was to turned back to original differential equation as rewritten in equation (9).
In this equation N max and r were obtained from equation (6.1) and (6.2), respectively, if soil water content (θ) was known. If rate of plant residue application was decided the value of N 0 can be calculated from equation (3). And as time (t) and the corresponding θ were known, N(θ, PR, t) can be calculated from equation (7). Now one can predict rate of plant residue decomposition (R(t)) from equation (9). After decomposition rate was calculated as a function of average soil water content during specific time period (∆t) the amount of mineral N released during ∆t could be calculated by ∆N i = R i x ∆t i and cumulative mineral N released at time t (N cum (t n )) could be calculated according to equation (10)
×∆t i (10) Where R i and ∆t i were evaluated from equation (11.1) and (11.2), respectively
In this case R i was the average value of decomposition rate between time t i to t i+1 corresponding to water content θ i and θ i+1 , respectively. Also ∆t i designated time duration between t i and t i+1 .
In using equation (10) one must select the plant residue application rate at the beginning of the season and monitor soil water content periodically through time then calculate R(t) by equation (9) using the value of θ Vol. 9, No. 11; 2015 being observed and then calculate R i and ∆t i from equation (11.1) and (11.2), respectively. Up to this point one can calculate cumulative mineral N released from plant residue decomposition from equation (10).
Results
Time Courses of Cumulative N Mineralization
Nitrogen mineralization from native soil organic matter (treatments without plant residue addition) was low for each soil under every level of soil moisture maintained. Accumulations of nitrogen mineralized from native organic matter in course textured soils, Kt and Yl soil series, were low and difference was detected among levels of soil moisture maintained. In medium and fine textured soils, Ly, Ks, and Pc soil series, N mineralization at FC and ½ AWC were higher than at PWP incubation. Addition of plant residue at 4 ton/rai, however, drastically enhanced the level of mineralized N throughout the year. Mineral N released from added plant residue was approximately 3.59 folds as compared to control (0 ton/rai) on the average (Table 6 Rates of N mineralization from added plant residue were quite fast for short period at the beginning. The results were in agreement to Palm et al. (2001) that net N mineralization occurred right at the beginning in decomposition process of low C:N ratio plant residues. After short period of fast mineralization, the process were slowed down and maintained at relatively high rate compare to native soil if soil moisture content were maintain at FC and ½ AWC. Mineralization at the restrict level of soil moisture at PWP, however, were carried out at low level similar to native soil (figure 2).
Mathematical Modeling
Graphs presented in figure (3) were depicted as an example for 5 soils amended with 4 ton/rai of plant residue and keeping water content at FC. Mineral N was observed to be rapidly released from plant residue at the beginning of incubation period and rate of release decreased materially after 150 days of incubation. Wavy Vol. 9, No. 11; 2015 pattern of response was noticed for N mineralization especially during later time course of incubation. This phenomenon might be contributed to a natural cycle of life and death of soil microorganisms. During the period of rapid population growth mineralization rate might be decreased and on the other hand during the period of population decline available N might be increased. The general pattern of response suggested that the Logistic mathematical model was suitable to describe the functions. (2)-(5.6) were evaluated the results were presented in table (3). These parameters were then substituted in equations (3), (6.1), (6.2), and (7) to obtain mathematical function relating available N to soil water content (θ), level of plant residue application (PR), and time (t) for each soil. These functions were then used to calculate available N released from soils under the same condition of water content and rate of residue application. The result was shown as lined curve drawn in the same graph in figure (3) . The predicted values were found to reflect the observed value on average. (4) 
Application of the Constructed Mathematical Model
In order to apply equation (7) to field condition where soil moisture content changes with time we constructed an arbitrary variation of soil water content with time of year as represented in As an example of model application the level of plant residue application was assigned at 4 ton/rai. From the value of θ and the corresponding time t one can calculate R i and ∆t i as well as N cum (t n ) by the method mentioned earlier for each soil. The results were shown in figure 5 along with the observed value obtained as if soil moisture were kept constant at 1/2AWCA and PWP. The predicted values of N cum were noticed to fluctuate between the two limits suggesting that equation (10) could be used meaningfully to predict cumulative mineral N decomposed from plant residue under the situation where soil moisture changes with time. Since yearly averaged soil water content simulated was around 1/2AWCA N cum curve should resemble that of 1/2AWCA curve, however some of them were close to PWP curve. In the later cases especially for the soil having rapid early rate of decomposition might suffer from constraint of limited soil moisture during the beginning period as might be seen from table (5). Such the condition would suppress the decomposition rate and caused the predicted curves to resemble the PWP curves (figure 5).
Discussion
Effect of levels of plant residue on mineral N for each soil as presented in table (6) indicated that mineral N released from plant residue at 4 ton/rai was approximately 3.59 folds as compared to control (0 ton/rai) on the average. The observed value of mineral N was 1.50 mg/kg soil at the end of the experiment as compared to 0.49 mg/kg soil of control treatment. It was noticed that the ratios of mineral N decomposed from 4 ton/rai treatment to control treatment of coarse textured soils (Kt and Yl) ranged between 3.74-6.39 and such the ratios of medium (Ly and Ks) and fine textured soils (Pc) were comparable and ranged between 2.41-2.73. The data suggested that if the native organic material of soils was the same decomposition in coarse textured soils would be higher than medium and fine textured soils, respectively. The nature of the decomposer population and available pore space has been found to influence the rate of mineralization of organic substrates added to soil (Srensen, 1975; Elliott et al., 1980; Hassink et al., 1993) , However the difference of mineral N between plant residue rate of 4 ton/rai and control treatment revealed that decomposition of organic material in coarse and medium textured soils was about the same and ranged between 0.92-0.98 mg/kg soil noticeably smaller as compared to 1.23 mg/kg soil of fine textured soil (Pc). Magdoff (1991) showed that SOM level and soil-textured interact to influence availability of N. At low soil N levels (and low SOM) in coarse-textured soil, mineralization rates are high but low amounts www.ccsenet.org/mas
Modern Applied Science Vol. 9, No. 11; 2015 of organic N meant that little N is made available. The data suggested that level of native organic material influenced decomposition of plant residue input into soil. This might be because larger organic material content promoted diversified microbial species and larger microbial population and this in turn enhanced decomposition of native organic material contained in the soil. According to the study of Hassink et al.(1993) , There are also a good correlation between the small pore fraction and the relative increase in N mineralization with fine sieving. Influence of soil water content on mineral N as presented in table (7) revealed that higher decomposition was obtained from higher soil water content. At field capacity the observed mineral N was 1.13 mg/kg soil higher than 1.07 and 0.78 mg/kg soil at 1/2AWCA and PWP, respectively. This finding was consistent with other studies in the natural condition the net N mineralization rate was low at 20%WHC because the cellular desiccation of microbes occurred under low moisture conditions (Chen et al., 2011) , agreement was found with that of Haynes (1986) which described that the decline in sizes and activities of decomposer community by the lethal action of moisture stress had a retarding effect on the process of decomposition. It was noticed that decomposition of fine textured soil (Pc) was higher than medium (Ly and Ks) and coarse textured soils (Kt and Yl) at every levels of soil moisture. As seen from figure (2) the wavy pattern of mineral N variation with time caused by fluctuation of microbial population might responsible for high values of RMSE. The b and R 2 values of most soils were close to 1.0 except that of Kt soil (table 4). In fact the soil has the most rapid rate of decomposition during the first 30 days and the rate decreases materially during the following 90 days resulting lower estimation by the model during the first period and vice versa during the second period ( figure 3 ). This phenomenon might cause lower accuracy and precision by the model as noticed by lower values of b and R 2 and high value of RMSE.
Average value of the parameters N 0 , N max , and r of the test soils were given in table (8). The initial value of mineral N was found to depend on soil texture. The coarser texture the lower the N 0 and vice versa. The same trend was observed for the values of N max besides the difference between N max and N 0 were roughly the same for all soils suggesting that the level of existing organic matter has pronounce effect on level of observed mineral N. In table (8) the value of parameter r of Kt soil was noticeably larger than the rest suggesting that decomposition rate of organic residue in this soil was mostly rapid during the first period because of good aeration of the soil but the decomposition rate is materially slow for the rest of the time because of substrate exhaustion.
Application of the constructed models to field condition was restricted within FC and PWP soil water content range. Applying the model to soil with water content lower than PWP might yield negative value of parameter r and cause error in N cum prediction. In this case where implication was aimed to lower range of soil moisture new set of experiment is recommended where air dried moisture content should be included as one of soil moisture treatment.
Conclusion
An experiment to evaluate the decomposition of mineral N from plant residue applied to soils at different levels of plant residue and at different levels of constant water content was conducted. Mineral N being released from plant residue was monitored along a time course of 1 year. The result revealed that an application rate at 4 ton/rai yielded significantly higher mineral N than control treatment. Higher decomposition of plant residue was found for soil water content at FC as compared to 1/2 AWCA and PWP, respectively, with a tendency that the first and the second levels of soil moisture produced comparable mineral N. Furthermore different levels of decomposition were found for different soils. Finer textured soils tended to have higher decomposition than medium and coarse textured soils, respectively.
A Mathematical model describing the amount of mineral N released with time assuming logistic model was found to yield predicted values close to the observed values for every test soil, levels of soil moisture, and plant residue application rate. The constructed model could be used to predict mineral N at any time t, provided that soil water content was kept constant at any value between FC and PWP and a level of plant residue application at any value between 0-4 ton/rai. In order to modify the model to cope with field situation where soil moisture may vary with time, the rate of mineralization was calculated by differentiation of the original function with respect to time. The new function described the relation between mineralization rate versus soil moisture, level of plant residue, and time. Steps of calculation were developed to obtain cumulative mineral N as a function of time. A simulation was conducted at 4 ton/rai of plant residue application and a given soil moisture fluctuation with time.
The result was compared to the cumulative value of mineral N obtained under a 4 ton/rai application rate and constant soil water content at 1/2AWCA and PWP. The result suggested that the developed model could reasonably be used to predict mineral N decomposition at a given time.
